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In 2008, Ceng et al. \[[@CR1]\] considered the following general system of variational inequalities (GSVI): $$\documentclass[12pt]{minimal}
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                \begin{document}$\nu \in (0, 2\beta )$\end{document}$ are two constants. Many iterative methods have been developed for solving GSVI ([1.2](#Equ2){ref-type=""}); see \[[@CR2]--[@CR7]\] and the references therein.

Subsequently, Alofi et al. \[[@CR8]\] also introduced two composite iterative algorithms based on the composite iterative methods in Ceng et al. \[[@CR9]\] and Jung \[[@CR10]\] for solving the problem of GSVI ([1.2](#Equ2){ref-type=""}). Moreover, they showed strong convergence of the proposed algorithms to a common solution of these two problems.

Very recently, Kong et al. \[[@CR11]\] established the strong convergence of two hybrid steepest-descent schemes to the same solution of GSVI ([1.2](#Equ2){ref-type=""}), which is also a common solution of finitely many variational inclusions and a minimization problem.

Lemma 1.1 {#FPar1}
---------

(see \[[@CR12], Proposition 3.1\])
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In the meantime, inspired by Ceng et al. \[[@CR1]\], Jung \[[@CR12]\] introduced a general system of variational inequalities (GSVI) for two continuous monotone mappings $\documentclass[12pt]{minimal}
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On the other hand, the generalized mixed equilibrium problem (GMEP) is to find $\documentclass[12pt]{minimal}
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Preliminaries and lemmas {#Sec2}
========================

Let *H* be a real Hilbert space, and let *C* be a nonempty closed convex subset of *H*. We write $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$x_{n}\to x$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$x_{n} \rightharpoonup x$\end{document}$ to indicate the strong convergence of the sequence $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\{x_{n}\}$\end{document}$ to *x* and the weak convergence of the sequence $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\{x_{n}\}$\end{document}$ to *x*, respectively.

For every point $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$x\in H$\end{document}$, there exists a unique nearest point in *C*, denoted by $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$P_{C}(x)$\end{document}$, such that $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \bigl\Vert x-P_{C}(x) \bigr\Vert \leq \Vert x-y \Vert , \quad \forall y\in C. $$\end{document}$$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$P_{C}$\end{document}$ is called the metric projection of *H* onto *C*. It is well known that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$P_{C}$\end{document}$ is nonexpansive and is characterized by the property $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ u=P_{C}(x)\quad \Leftrightarrow \quad \langle x-u, u-y\rangle \geq 0, \quad \forall x\in H, y\in C. $$\end{document}$$

In a Hilbert space *H*, the following equality holds: $$\documentclass[12pt]{minimal}
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The following lemma is an immediate consequence of an inner product.

Lemma 2.1 {#FPar2}
---------
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Next we list some elementary conclusions for the MEP.
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Proposition 2.1 {#FPar3}
---------------
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Proposition 2.2 {#FPar4}
---------------
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We will use the following lemmas for the proof of our main results in the sequel.

Lemma 2.2 {#FPar5}
---------
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Lemma 2.3 {#FPar6}
---------

(Demiclosedness principle \[[@CR21]\])
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-----
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Proof {#FPar17}
-----
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Theorem 3.3 {#FPar18}
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-----
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We divide the proof into several steps as follows.
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Corollary 3.2 {#FPar20}
-------------
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                \begin{document}$\widetilde{x}\in {{\varOmega }}:= \bigcap^{N}_{i=1}\operatorname {GMEP}( {\varTheta }_{i}, \varphi_{i}, B_{i})\cap \operatorname {GSVI}(C, F_{1}, F_{2})$\end{document}$, *which is the unique solution of VI* ([3.38](#Equ46){ref-type=""}).

Remark 3.1 {#FPar21}
----------

Compared with Proposition 3.3, Theorem 3.4, and Theorem 3.7 in \[[@CR11]\], respectively, our Theorems [3.1](#FPar12){ref-type="sec"}, [3.2](#FPar14){ref-type="sec"}, and [3.3](#FPar18){ref-type="sec"} improve and develop them in the following aspects: (i)GSVI ([1.3](#Equ3){ref-type=""}) with solutions being also fixed points of a continuous pseudocontinuous mapping in \[[@CR12], Proposition 3.3, Theorem 3.4, and Theorem 3.7\] is extended to GSVI ([1.3](#Equ3){ref-type=""}) with solutions being also common solutions of a finite family of generalized mixed equilibrium problems (GMEPs) and fixed points of a continuous pseudocontinuous mapping in our Theorems [3.1](#FPar12){ref-type="sec"}, [3.2](#FPar14){ref-type="sec"}, and [3.3](#FPar18){ref-type="sec"};(ii)in the argument process of our Theorems [3.1](#FPar12){ref-type="sec"}, [3.2](#FPar14){ref-type="sec"}, and [3.3](#FPar18){ref-type="sec"}, we use the variable parameters $\documentclass[12pt]{minimal}
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                \begin{document}$\{r_{i, n}\}^{N}_{i=1}$\end{document}$) involving a finite family of GMEPs;(iii)the iterative schemes in our Theorems [3.1](#FPar12){ref-type="sec"}, [3.2](#FPar14){ref-type="sec"}, and [3.3](#FPar18){ref-type="sec"} are more advantageous and more flexible than the iterative schemes in \[[@CR12], Proposition 3.3, Theorem 3.4, and Theorem 3.7\], because they can be applied to solving three problems (i.e., GSVI ([1.3](#Equ3){ref-type=""}), a finite family of GMEPs, and the fixed point problem of a continuous pseudocontractive mapping) and involve much more parameter sequences;(iv)it is worth emphasizing that our general implicit iterative scheme ([3.1](#Equ9){ref-type=""}) is very different from Jung's composite implicit iterative scheme in \[[@CR12]\], because the term "$\documentclass[12pt]{minimal}
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Numerical examples {#Sec4}
==================

The purpose of this section is to give two examples and numerical results to illustrate the applicability, effectiveness, and stability of our algorithm.

Example 4.1 {#FPar22}
-----------

(Example of Theorem [3.3](#FPar18){ref-type="sec"})
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Table [1](#Tab1){ref-type="table"} shows the value of the sequence $\documentclass[12pt]{minimal}
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Figure [1](#Fig1){ref-type="fig"} shows the convergence of the iterative sequence of Algorithm ([3.3](#Equ11){ref-type=""}). Figure 1The convergence of $\documentclass[12pt]{minimal}
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Solution: We can see from both Table [1](#Tab1){ref-type="table"} and Fig. [1](#Fig1){ref-type="fig"} that the sequence $\documentclass[12pt]{minimal}
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Example 4.2 {#FPar23}
-----------

(Example of Theorem 3.7 in \[[@CR12]\])
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Table [2](#Tab2){ref-type="table"} shows the value of the sequence $\documentclass[12pt]{minimal}
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The Fig. [2](#Fig2){ref-type="fig"} shows the convergence of the iterative sequence of Algorithm ([1.5](#Equ5){ref-type=""}). Figure 2The convergence of $\documentclass[12pt]{minimal}
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Solution: We can see from both Table [2](#Tab2){ref-type="table"} and Fig. [2](#Fig2){ref-type="fig"} that the sequence $\documentclass[12pt]{minimal}
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Remark 4.1 {#FPar24}
----------

From Tables [1](#Tab1){ref-type="table"}, [2](#Tab2){ref-type="table"} and Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, it is readily seen that the convergence of $\documentclass[12pt]{minimal}
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                \begin{document}$\{x_{n}\}$\end{document}$ to 0 in Example [4.2](#FPar23){ref-type="sec"}. Therefore, our algorithm is more applicable, efficient, and stable than the algorithm in \[[@CR12]\].

Application {#Sec5}
===========

In this section, applying our main result Theorem [3.3](#FPar18){ref-type="sec"}, we can prove strong convergence theorems for approximating the solution of the standard constrained convex optimization problem.

Let *C* be a closed convex subset of *H*. The standard constrained convex optimization problem is to find $\documentclass[12pt]{minimal}
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Lemma 5.1 {#FPar25}
---------

(Optimality condition, \[[@CR25]\])
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Theorem 5.1 {#FPar26}
-----------

*Let* *C* *be a nonempty closed convex subset of a real Hilbert space H*. *Let* $\documentclass[12pt]{minimal}
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Proof {#FPar27}
-----

By using Lemma [5.1](#FPar25){ref-type="sec"} and Theorem [3.3](#FPar18){ref-type="sec"}, we obtain the desired conclusion directly. □

Conclusions {#Sec6}
===========

We introduced and analyzed one general implicit iterative scheme and another general explicit iterative scheme for finding a solution of a general system of variational inequalities (GSVI) with the constraints of finitely many generalized mixed equilibrium problems and a fixed point problem of a continuous pseudocontractive mapping in a Hilbert space. Moreover, we established strong convergence of the proposed implicit and explicit iterative schemes to a solution of the GSVI, which is the unique solution of a certain variational inequality. Our Theorems [3.1](#FPar12){ref-type="sec"}--[3.3](#FPar18){ref-type="sec"} not only improve and develop the main results of \[[@CR1]\] and \[[@CR12]\] but also improve and develop Theorems 3.1 and 3.2 of \[[@CR9]\], Theorems 3.1 and 3.2 of \[[@CR10]\], and Proposition 3.1, Theorems 3.2 and 3.5 of \[[@CR11]\].
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